The effect of the Asian grass carp (Ctenopharyngodon idella Val.) upon the zooplankton in three adjacent experimental ponds (0. 139 ha each) was studied for one year. The ponds contained nine species of aquatic macrophytes. Grass carp were stocked into Pond (65 per ha) and Pond 2 (611 per ha) three months after the study was started. At the time of stocking, physichochemical and biological parameters were similar among the ponds.
Introduction
The influence of environmental factors upon organisms is often difficult to assess in field studies because of variation in the environment (Borecky, I956) 
and differences
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in sampling methods (Pennak, 1957) . One can use experimental ponds to examine relationships between variables in aquatic ecosystems because the ponds can be controlled (Hall et al., 1970) . In this study, three shallow experimental ponds in central Florida were used to determine the abundance and diversity of zooplankton as affected by the Asian grass carp (white amur), Ctenopharyngodon idella (Val.) . The shallowness of the ponds necessitated the design of a shallow water zooplankton sampler.
Grass carp are used in a number of countries to control aquatic weeds. In Florida, the fish are being studied as a biological control agent for the submersed plant, Hydrilla verticillata Royle. While grass carp fry subsist primarily on a diet of zooplankton, the animal constituent of the diet is replaced by vegetation before the fish reach a length of 30 mm (Stevenson, I965; Hickling, 966; Krupaur, 1967; Opuszynski, 968; Singh et al., 1969; Kilgen & Smitherman, 197I) . The change occurs slowly and may not be complete. Under laboratory conditions, for example, 230 mm long grass carp have been observed to eat Daphnia, tubifex worms, and Asellus, as well as vegetation (Cross, 969) .
The effect of grass carp on zooplankton has not been established. Adult grass carp possess a comblike pharyngeal tooth structure particularly adapted for tearing plant material. That arrangement of dentition cannot be used effectively for feeding on zooplankton or other animals. Grass carp have been observed to starve in holding ponds devoid of aquatic weeds, despite the abundance of zooplankton (Prowse, 1971 ). Tang (I970) believes that in absence of competition or when the supply of macrophytes is low, grass carp will switch to food items other than aquatic plants. Lin (1935) and Hora & Pillay (I962) indi-cate that adult grass carp have an omnivorous diet, feeding on aquatic vegetation as well as fish, silkworm pupae, freshwater mussels, earthworms, beef, insects, and other items. Stevenson (1965) found the grass carp in one pond fed on zooplankton to the exclusion of algae and commercial feed. He believed that in most pond situations the fish may be forced to feed exclusively on aquatic vegetation while any preference for other food resources may not be evident.
Zooplankton may be affected indirectly by adult grass carp. The digestive tract of the fish is approximately onefifth the length of most herbivores (Hickling, 1966) . Due to the shortness of the gut, only 50 to 70% of the plant material eaten by the fish is digested (Stroganov, 963; Hickling, 1966) . The fecal material and undigested vegetation passing through the fish may increase the nutrient content of water (Stroganov, 1963; Avault et al., 1968; Opuszynski, 1972; Stanley, I974) . The increase in nutrients may promote the growth of phytoplankton which may indirectly regulate zooplankton abundance and diversity (Hutchinson, 1967; Patalas, 1972; Spodniewska et al., 1973; O'Brien & deNoyelles, 1974; Anderson & Green, 1975) .
Methods and materials
In November, 1975, 9 grass carp (65 per ha) were stocked in Pond I and 85 grass carp (611 per ha) were stocked into Pond 2. Weights and lengths were taken prior to stocking (Table ) . In December, 1976, the ponds were drained and the weights, lengths, and body condition (Hile, 1936) of the grass carp were determined (Table ) . Grass carp were not stocked into Pond 3.
Description of Shallow Water Zooplankton Sampler
A 15 L zooplankton sampler was constructed from 0.14 cm clear plexiglas. It was tapered to form a 24.4 cm 2 opening with a hinged door (Fig. ) . At each station, the sampler was lowered into the water column (at a rate slow enough to prevent backwash) until the entire sampler was completely submersed. In very shallow water, i.e., less than 30 cm, a horizontal water sample was collected by lowering the sampler into the water at an angle sufficient to collect the entire water column. Concurrent samples were taken with the sampler and a No. 20 mesh nylon zooplankton net at ii deep water stations to compare sampling efficiency. dates but were kept the same among ponds on any given sampling day. Samples were not collected from Pond 3 in February or from any pond in March. Three samples per station were strained through a No. 20 mesh nylon zooplankton net, composited, and preserved in 3% formalin. Samples were concentrated in Ioo ml, subsampled with a Hensen Stempel automatic pipette, and enumerated in ml Sedgwick-Rafter counting chambers. Strip counting of the entire chamber was made at a magnification of oo x, although many identifications required a magnification of 200 x. A 0.04% Rose Bengal solution was added prior to counting. Zooplankton were identified using Brooks (957, 1959) Voigt (1956) , Harring & Myers (1922 , 1924 , 1926 , and Ahlstrom (1934) . Contracted rotifers were dissolved in io% Clorox in a depression slide to extract the trophi for identification. Zooplankton were enumerated to species in respective group (Rotifera, Cladocera, Copepoda (Calanoida, Cyclopoida, Harpactacoida), immature copepods (nauplii and copepodids)). Bdelloid rotifers were identified to order (Bdelloida) since species identification was difficult.
Zooplankton Sampling and Enumeration
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Species Diversity
Species diversity indices were calculated using count data for species and numbers of individuals per species. The indices were: Wilhm & Dorris, 1968 (I) where: ni = the number of individuals of the ith species N = the total number of individuals of all species Simpson Index = X(ni (ni -))/N (N -)) Simpson, 1949 (2)
Physical Measurements
Water temperature, Secchi disc transparency, and underwater light readings were taken monthly at one station per pond. Water temperature was measured at o.5 m depth intervals in the water column with a Yellow Springs Instrument Co. telethermometer. Secchi disc transparency was measured with a black and white 20 cm dia. disc. Relative underwater light readings were taken with a Kahl Instrument Co. submarine photometer to determine the mean vertical extinction coefficient for light (Hutchinson, 1957) . Color and turbidity were taken monthly at two stations per pond and determined spectrophotometrically (EPA, 974; APHA, 197I). 
Chemical Measurements
Biological Measurements
Phytoplankton were collected monthly with a 1.2 L Kemmerer water sampler and enumerated from 5 ml aliquots with the procedure of Lind (974). An estimate of algal standing crop was determined from chlorophyll concentration with the procedure of Richards with Thompson (952). Periphytic algae production was estimated monthly using prewashed I m nylon ropes (o.6 cm dia.) suspended in the water column. The ropes were replaced monthly to monitor the buildup of chlorophyll.
Statistical Analysis
An unpaired t-test was used to determine differences in population means. The significance level for those comparisons was P < 0.05. Confidence intervals were determined using a pooled variance estimate calculated for each pond.
Results and discussion
Faunal Characteristics of the Ponds
Forty-seven zooplankton species (33 rotifers, 9 cladocerans, and 5 copepods) were collected from the ponds three months prior to the stocking of the ponds with grass carp (Table 2) . Rotifers made up 71% of the species in Pond I, 77% in Pond 2, and 62% in Pond 3. The number of cladocerans ranged between 4 in Pond 2 and 8 in Pond 3. There were 3 species of copepods in Ponds I and 2 and 5 species of copepods in Pond 3. Forty-three percent of the species were common to all ponds during that period. The abundance of dominant species varied between ponds. Brachionus quadridentata, Chydorus sphaericus, Bdelloid rotifers, Anuraeopsis fissa, and Keratella cochlearis were most abundant in Pond , Keratella cochlearis, Brachionus quadridentata, Alona rectangula, and Tropocyclops prasinus were most abundant in Pond 2, and the most abundant in Pond 3 were Bdelloid rotifers, Polyarthra sp., Keratella cochlearis, and Monostyla bulla. The number of zooplankton species was not significantly different between ponds prior to grass carp stocking. During the eight months after Pond I and Pond 2 were stocked with grass carp, 64 species (47 rotifers, 9 cladocerans, and 8 copepods) were enumerated from the three experimental ponds (Table 3 ). The lowest number of spe- havanaensis and Filinia longiseta were most abundant in 0.1 2.1
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Pond 3. Only a few species were found to differ in num-3.6 3.3 3.0 bers between ponds; those that were include Lecane luna, Immature copepods were the second most abundant Monostyla bulla, Lepadella ehren and Synchaeta sp. It is doubtful th these species were caused by the grn The abundance by month of z presented in Figs. 2 through 4. The docerans, and copepods were asy ponds. Asynchronous population group. The rare cladocerans ranged between 7 and I 4 per L while adult copepods were represented by less than 5 bergii, Polyarthra sp., per L. Cyclopoids-were the dominant copepod in the hat differences between ponds. The abundance of zooplankton, by group, was ass carp. not significantly different between ponds prior to grass :ooplankton groups is carp stocking. trends for rotifers, claDuring the eight months after grass carp were stocked nchronous among the into Pond I and 2, the zooplankton were found to be simicycles in adjacent exlar between ponds. Rotifers were most abundant and perimental ponds are not uncommon due to the temporal instability of physical, chemical, and biological factors (Hall, et al., 1970) .
Zooplankton were least abundant in the ponds during fall and most abundant during winter and early spring in Ponds 2 and 3, and during summer in Pond 2. Rotifers comprised more than 4I% of the zooplankton in Pond I prior to April. Between May and August, rotifers composed 17.7% and copepods composed 8I.9% of the zooplankton. Rotifers typically made up more than 50% of the zooplankton in Pond 2, and more than 60% in Pond 3. The abundance of adult and immature copepods was low in Pond 2 prior to May, but increased between June and August. Immature copepods were less than 25 per L, and adult copepods were less than 3 per L throughout Fig. 4 . Monthly mean abundance of rotifers, immature copepods, adult copepods, and cladocerans in Pond 3, September, I975-August, 976.
comprised between 43 and 80% of the zooplankton in all ponds, Table 4 . Immature copepods were next in abundance. No group of zooplankton was found to be significantly different between ponds after grass carp were introduced. ,""1"t k --4
Species Diversity of Zooplankton
The number of zooplankton species was highest during the fall in Pond i, and during the summer in Ponds 2 and 3, Fig. 5 . Rotifer species were mainly responsible for the seasonal variation in zooplankton species numbers. The monthly mean number of species prior to grass carp was Table 4 . Mean nmber of zooplankton groups per liter in three experimental ponds, three months prior to grass carp stocking (September, 1975 -November, 1975 , and eight months after stocking (December, 1975 -August, 1976 near Io in Pond , elevating to 12 for Pond 3, Table 5 . The number of species was not significantly different between ponds during that period. After the grass carp were placed into the ponds, the monthly mean number of species was 9 for Pond , and more than 12 for Ponds 2 and 3. These differences are not assumed to be due to grass carp since the number of species was consistently low throughout the study in Pond . Furthermore, the monthly mean number of species was not significantly different between Pond 2 (high stocking rate) and Pond 3 (lacking grass carp). The monthly mean species diversity (d) of zooplankton Table 5 . Mean zooplankton species diversity indices in three experimental ponds, three months prior to grass carp stocking (September, 1975-Noemeber, i975) , and eight months after stocking (December, 1975 -August. 1976 prior to grass carp stocking was 2.51 in Pond I and generally greater than 2.74 in Ponds 2 and 3, Table 5 . Species diversity was not significantly different between ponds during that period. After stocking with grass carp, the diversity index was found to be significantly lower in Pond I (2.04) than in Pond 2 (2.62), but neither was significantly different from Pond 3 (2.41). The grass carp did not appear to influence the species diversity of zooplankton by their presence. Species diversity was highest during summer and lowest during winter, reflecting the abundance of species, Fig. 6 . The monthly mean Simpson Index (dominance diversity) prior to grass carp stocking was lowest in Pond carp were introduced, the monthly mean value for the Simpson Index was again lowest in Pond 2. These monthly values changed little throughout the study, Fig. 7 . The highest values for the Simpson Index occurred in winter and early spring at which time one or two rotifer species dominated the zooplankton. The monthly values were usually less than o.5 in each pond indicating a lack of dominance by dominant species. The Simpson Index was not significantly different between ponds before or after grass carp stocking. Beach et al. (1976) also concluded that grass carp had little effect on the community structure of zooplankton. His conclusion was based on a three year study in four small impoundments in Florida.
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Physicochemical and Biological Measurements
Fecal material of the grass carp may increase the nutrient content of water (Stroganov, 1963; Opuszynski, 1972) . Stanley (1974) suggested that grass carp may be involved September, 1975 -August, 1976 in the recycling of nitrogen and phosphorus and may make these nutrients available for phytoplankton, macrophytes, and microorganisms. However Terrell (1975) and Rottman (1977) theorize that nutrients recycled by grass carp may not create algal blooms. Terrell (1976) found that the standing crop of zoo-and phytoplankton was lower in ponds stocked with grass carp than those that lacked grass carp. He believed that the removal of macrophytes by the grass carp reduced the movement of nutrients from the sediments to the plankton. Measurements of orthophosphate, nitrite nitrogen, and nitrate nitrogen changed little throughout the study in the experimental ponds. These nutrients were found to be not significantly different between ponds, Table 6 . Pelagic chlorophyll values, periphytic algae production, and phytoplankton numbers were not significantly different between the ponds, with or without grass carp. Avault et al. (I968) 23-30 cm lengths) in plastic pools and grass carp in concrete tanks (495 per ha; 25 cm length) resulted in dark organic stained water. No such change was observed in the ponds used in this study. No significant differences existed between Ponds , 2 or 3 for color or turbidity. Of the remaining parameters, none were found significantly different between ponds.
Comparison of Zooplankton Net and Shallow Water Sampler
Eleven collections were taken with the shallow water zooplankton sampler and a No. 20o mesh nylon zooplankton net. The shallow water sampler collected 15 species which were not collected with the zooplankton net. Only two species were collected by the net that were not collected by the sampler. Twenty-five species were common to both samplers, of which, 19 were most abundant in the sampler and 6 were most abundant in the net. No significant differences were noted between the two sampling methods for zooplankton species. 
